From a study of the abnormal serum protein patterns which are characteristic of rheumatoid arthritis, Wallis (1950) has concluded that the hyperglobulinaemia is the result of the combined effects of inflammation, tissue destruction, and immunization, the last being the principal contributor in all but the early stages of the disease. His technique for protein investigations included a preliminary determination of serum albumin/globulin ratios by sodium sulphate fractionation, followed by electrophoretic and immunological studies of the sera from selected patients in whom the A/G ratios had been found to be low. This work, with previous studies of a similar nature by many other investigators (reviewed by Gutman, 1948), has shown that changes in the serum proteins in rheumatoid arthritis characteristically lead to a decrease in albumin and an increase in globulin. There is also an increase in plasma fibrinogen. The increase in globulin is due chiefly to increments in the alpha-and gamma-fractions, of an extent and proportion referable to the stage of the disease, although the bulk of the ii crease cannot be accounted for by the development of specific antibodies.
PLASMA AND SERUM PROTEINS which are apparently due to an increase in serum gamma-globulin and a decrease in albumin (Marrack and Hoch, 1949; Marrack and others, 1950) .
The thymol turbidity test has been studied in various diseases by Dreyfuss (1948) in parallel with a serum dilution turbidity test, with the conclusion that the two tests yield results which are closely similar and that they probably depend upon similar deviations in serum protein patterns. Both positive thymol turbidity and positive dilution turbidity tests were noted by Dreyfuss in patients with rheumatoid arthritis.
Present Investigations The aim of the investigations presently described was to demonstrate that quick and simple methods for fractionation and chemical determination of plasma proteins can provide useful information in the routine study of chronic rheumatic conditions. Since an increment in the globulin moiety appearsto be the most dependable feature of the altered protein patterns found in such conditions, this fraction was chosen as a basis for the grouping of the analytical results. The indirect tests mentioned above were also adopted in the investigations with the purpose of assessing their value as indicators of protein abnormalities.
Analytical data were recorded in three groups for blood samples from 152 patients whose conditions included sub-acute (active) and chronic (inactive) rheumatoid arthritis, osteo-arthritis, and fibrositis.
Analytical Methods
The estimations of plasma total protein, of plasma globulin (including fibrinogen), and of serum globulin, recorded in Table I , were made by the direct dispersimetric method of , in which the globulin is fractionated by methanol. Albumin values were obtained by difference between total protein and globulin.
In subsequent analyses (Tables II and III) , the serum protein fractions were separated by means of sodium sulphite at concentrations of 15 0, 18 0 and 21-0 per cent., as described by Campbell and Hanna (1937) . The protein concentrations in the sulphite filtrates and the total protein concentrations of saline-diluted sera were then each determined by an adaptation of the biuret reaction of Sunderman and Schmidt (1944) , followed by absorptiometric measurements in the photelometer described by (Dawson and Salt, 1950) .
The thymol turbidity tests were carried out by the technique of Maclagan (1944) , except that volumes of serum and reagent were doubled, and the dilution turbidity tests by the method of Dreyfuss (1948) . The results in each case were determined by lightdispersion measurements in the photelometer with spectral red light (Ilford filter No. 608), using standards prepared from known amounts of serum protein precipitated with salicylsulphonic acid. The results for each of the turbidity tests are recorded in Maclagan's arbitrary units.
Results Table I presents a summary of the analytical results derived from the blood samples of 38 unselected patients, sixteen of whom yielded values for plasma globulin (including fibrinogen) of less than 3 -0 per cent., and 22 values greater than 3 *0 per cent. Mean values with standard deviations are shown for each subgroup, together with the values for t and P (Fisher, 1941) which furnish a statistical evaluation of the magnitude and significance of the differences between the means. The differences in plasma globulin (including fibrinogen) concentrations determined chemically, are seen to be closely paralleled by the values for plasma viscosity and for corrected sedimentation rate. A significant diminution in the albumin content of the plasma also accompanies the augmented globulin and fibrinogen levels, whereas the fibrinogen content differs only slightly in the two sub-groups. The mean values for plasma total protein concentrations do not differ significantly (P is greater than 0.05), probably because the series did not happen to include many of the more grossly abnormal plasmas. Significant differences for serum globulin concentrations and for serum viscosity values suggested the possibility that detailed analysis of serum might yield results of greater value than the analyses of plasma. Differences in the serum globulin concentrations are evident also in the values for serum total protein; and of the globulin fractions, increments in the euglobulin and pseudoglobulin I components are those which contribute principally to globulin increases. Serum albumin shows a small (just significant) difference, opposite in direction to the globulin differences. The corrected sedimentation rate values, which may be held to indicate abnormalities of plasma protein structure, also show differences in this series corresponding to the differences in serum globulins, whereas the plasma fibrinogen concentrations show only slight differences. A third series of analytical results is summarized in ANNALS OF THE RHEUMATIC DISEASES derived from the blood samples of a further 53 patients, who were sub-divided in the same way as the previous series, 27 patients having serum globulin levels below 3 -0 per cent., and 26 patients levels above 3 0 per cent. The analytical methods chosen for this series included three indirect serum protein tests and two indirect plasma protein tests, as well as estimations of serum euglobulin and total protein concentrations.
The differences in the sub-groups based on serum globulin concentrations are demonstrated also by the euglobulin and total protein values in a manner very similar to that seen in the previous experiments of Table II , and the serum viscosity values likewise afford a similar means of differentiation. The significance of the plasma viscosity values appears to correspond closely to that of the serum viscosity values, but in this series the corrected sedimentation rates do not differ significantly in the two sub-groups (P is less than 0 05). The thymol turbidity and dilution turbidity tests appear to be of only moderate value as indicators of byperglobulinaemia.
In order to compare the value of the different tests, the data summarized in Table III were re-arranged in five groups, based on ranges of serum globulin concentration, and mean values were calculated for each group (Table IV) . It is evident that each type of analysis shows the same general trend of values corresponding with the gradation of serum globulin, but that the tests vary in their degree of correspondence. As indicators of hyperglobulinaemia, the thymol turbidity and dilution turbidity tests appear to be less sensitive than the serum viscosity or plasma viscosity values, and the corrected sedimentation rate (in this series) is the least sensitive of the tests. 
Conclusions
As a general conclusion from the experiments, it appears evident that the hyperglobulinaemia demonstrable in patients with chronic rheumatic disease is due chiefly to increments in the euglobulin andpseudoglobulin I fractions, which can be evaluated by simple chemical analysis. Serum total protein concentrations may also be increased because of the hyperglobulinaemia, but the increment may be partially off-set by a depletion in the albumin component. Variations in plasma fibrinogen concentration do not necessarily parallel those in serum globulin, so PLASMA AND SERUM PROTEINS so that the estimation of fibrinogen and the measurement of plasma viscosity or corrected sedimentation rate, which appear to depend principally on fibrinogen, yield results only approximately related to the hyperglobulinaemia. Measurements of serum viscosity seem to merit further study, although the 'non-specific nature of this type of test suggests that direct determinations of serum globulin or euglobulin are to be preferred. The methods which have been used in the present experiments are recommended for ease and precision; further work is in progress with the purpose of improving them yet further. It should be noted that the protein fractions, apart from plasma fibrinogen, are determined most successfully by the use of samples of serum.
Discussion
The abnormalities of individual proteini fractions and the changes in the results of empirical tests are alike unrelated specifically to chronic rheumatic disease. The use of empirical tests has developed after the classical precedent of the determination of erythrocyte sedimentation rate, and many such tests are now in use. Often these have the advantages of speed, simplicity, and clinical signification, but they vary in sensitivity and in their applicability to different problems arising in the laboratory -study of diseases. In chronic rheumatic diseases, Carter and Maclagan (1946) found the serum colloidal gold test to be more sensitive than the thymol turbidity test. Fraser (1948) further studied the colloidal gold test and found the cephalin-cholesterol flocculation test of little value in rheumatoid arthritis. In the present studies, the thymol turbidity test was adopted because -the turbidity measured is largely due to precipitated gamma-globulin; and the dilution turbidity test was chosen because it forms a measure of serum beta-lipoprotein and gamma-globulin.
Lawrence (1949) has developed an elaborate differential plasma viscosity test for the purpose of delineating plasma protein patterns. Although this appears to be superior to simple determinations of plasma or serum viscosity, it would seem more appropriate to adopt methods involving separation and direct estimation of the plasma protein components. Mester (1945) has advocated the determination of plasma fibrinogen in addition to the sedimentation rate, and Davis (1936) has made detailed analyses of the plasma protein fractions in arthritis, with results very similar to those of the present experiments. As the analytical methods now available are comparably precise but much less laborious than those used by Davis, and since the various empirical tests have largely been interpreted in terms ofprotein changes, the direct determinations ofprotein fractions which could replace the empirical tests with advantage, are to be recommended.
Sumn'ary (1) Changes in the pattern of plasma and serum proteins which may develop in chronic rheumatic conditions and their delineation by various direct methods and by certain indirect empirical tests are considered. It is recognized that none of these changes is specifically related to rheumatic disease.
